Abstract: This paper describes factors that best predict intention among African-American undergraduate students to persist in the computer science (CS) major at two historically black colleges and universities (HBCU). The question posed in this study is: How might universities promote the attainment of African-American students in CS? To answer that question, we believe the right question to ask is "Why do those students who succeed in attaining a degree in CS, select and stay in the program?" rather than "Why do they drop out of CS program?" We explore this question by examining characteristics of African-American students who persist in the CS field. Although limited to two HBCUs, this study sheds light on strategies for improving retention computer science based on the characteristics/experiences of those who have persisted in the program.
Introduction
In our increasingly globalised world, scientific development and innovation are fundamentally important for sustaining economic competitiveness, national security, and quality of life for American citizens. Improving recruitment and retention of students in STEM fields are critical challenges facing the nation (Ong et al., 2011) . STEM fields are inextricably linked to national economic prosperity and innovation, capturing the attention in recent years of a struggling American economic market (NSF, 2005; RiegleCrumb and King, 2010) . Subsequently, the past decade has witnessed a renewed focus on STEM education comparable to the frenzy that accompanied the launch of Sputnik in the late 1950s (Riegle-Crumb and King, 2010) .
Inequity in STEM has been described as a racial dilemma. Despite the advances of people of colour in STEM over the past 10 years (NSF, 2013) , a disparity still exists in the number of bachelor's degrees awarded to racial minorities in STEM majors. Table 1 below describes the overwhelmingly large representation of White students receiving bachelor's degrees in STEM. With the exception of Asian American and Pacific Islander students, who are only underrepresented in agricultural sciences, racial minorities are underrepresented in the number of students receiving bachelor's degrees in STEM in comparison to their population distribution in the United States. A closer look at the data represented in Table 1 reveals that African Americans, in particular, are underrepresented in all of the STEM categories displayed. The gap between minority students and other groups in STEM is particularly detrimental because it affects individuals' long-term social mobility. Source: National Science Foundation (2013) Every computer science department is faced with a number of students who begin studying computing and ultimately leave and transfer into other majors. The question of academic success is important for American society and the apparent scarcity of CS students is of national concern. As reported by the US Bureau of Labour Statistics employment in professional, scientific, and technical services is projected to grow by 29%, adding about 2.1 million new jobs between 2010 and 2020. Employment in computer systems design and related services is expected to increase by 47%, driven by growing demand for sophisticated computer network and mobile technologies. If these trends project into the future, the national economy will suffer. Therefore, it is necessary to increase recruitment and retention in STEM to meet the workforce needs of corporations and industry.
Computer science shortage
While computer science continues to permeate every aspect of society, the number of high-school students that are adequately prepared to enrol in university computer science programs is declining (NSF, 2013) . Exacerbating this lack of interest in CS, undergraduate enrolments in CS courses have seen a reduction and graduate students numbers have dwindled over the last 30-year period (Palmer et al., 2011) . In 1980, 5.3% of college freshmen believed they would be in a computer programming related career after graduation. Though computing related technology has gained a reputation of importance in daily lives, by 2010 only 1.7% of freshmen believed they would enter CS professions (Pryor et al., 2011) .
In the State of the Union address in January 2012, President Barak Obama stated, "Growing industries in science and technology have twice as many openings as we have workers who can do the job" (EOP, 2012) . Generally, the President acknowledged the STEM shortage; it is significant to recognise that computer science careers are predicted to account for 51% of all STEM job openings (Carnevale et al., 2011) .
According to research, women and minorities are not meeting the need to increase graduates of computing degrees (Lopez and Schulte, 2002; Shavelson, 2002) . Studies have shown that if underrepresented groups were fully participating in the IT workforce, this fact would go far in addressing the IT shortage (Green, 2006) .
In a 2008, paper titled, "The IT skills famine plaguing the United States is only going to get worse", Luftman (2008) provided some compelling explanations that the shortage of computer scientist and technologist still exist. Luftman explained that there is a current shortage of skilled students and workers in the computing discipline. As evidence of the shortage of students, Luftman shares the National Center for Education's report that undergraduate enrolments in computer science between 2001 and 2006 dropped 40%. Additionally, the National Center for Education reveals educators in K-12 school systems have reported declines in math and science competence in their graduates.
Several factors have been identified by research that could be factors in contributing to the shortage in STEM workers. The Bureau of Labor Statistics predicts that in 2010, there will be 52% more people in the 55-64 age bracket than there were in that age group in 2000. Furthermore, McKinsey & Company believe 70 million baby boomers will exit the workforce in between 2008 and 2023 and only 40 million people will enter the workforce (Luftman, 2008) .
The after-effects of post 9-11 added to the 'shortage crises'. While some suggest that organisations should higher the foreign students being educated in the United States, two problems exist. One, since 2007, American colleges and universities received 27% fewer graduate applications from international students than in 2003. F-1 visas issued to international students fell 10% between 2001 and 2005 (Luftman, 2008 .
Second, military and government agencies seek to employ US citizens. Again, when the baby boomers exit the workplace, these openings will include military and government jobs in the computing discipline. Military and government agencies will be seeking talented US citizens to fill the computing discipline job openings (Luftman, 2008) .
Luftman (2008) presents a dismal picture of the current public school system by reporting that according to the Organization for Economic Cooperation and Development, the United States ranked 24th out of the 29 nations in math literacy. He identified few reasons such as teachers and counsellors not communicating the opportunities available in IT, parents not encouraging children to get into the IT field and inaccurate media reports about all IT-related jobs going to India.
Thus, there is a call by researchers for all stakeholders to come together and overcome the current thin pipeline and the impending baby boomer retirement. These stakeholders include private industry, educational systems at all levels, government agencies, students, parents, and guidance counsellors.
The role of HBCUs
Most HBCUs were created at a time when Black students could not attend white institutions. HBCUs were established before 1964, the year the Civil Rights Act outlawed racial segregation, with the intention of serving the African-American community. There are currently fewer than one hundred 4-year HBCUs in the United States, located almost exclusively in the southern and eastern states (Freeman and Lee, 2015) .
HBCUs have traditionally been more successful in attracting, retaining, and graduating African-American STEM students than predominantly white institutions (PWIs) (Washington et al., 2015) . African-American students enrolled at HBCUs account for approximately 13% of all African-American students enrolled in college. While they account for only 4% of domestic colleges and universities, HBCUs produce 31% of all African-American STEM majors (NSF, 2013) . As cited by Washington et al. (2015) , studies also suggest that graduates of HBCU undergraduate institutions in STEM disciplines are more likely to attend graduate school and complete doctoral degrees than African-American graduates from other non-HBCU institutions (Members of the Committee on Science, Engineering, and Public Policy, 2010). This illustrates the critical role that HBCUs play in helping to overcome a nationwide shortage of scientists and engineers who are vital to the nation's future economic growth and competitiveness.
African-American students
Students' collegial success and achievement in a STEM major are based on their pre-collegiate experience. This is especially true for minority students who lack the traditional support systems, math and science classes in high school (Hanson, 2008; Tyson et al., 2007; Perna et al., 2009 ).
Hanson (2009) found that while African-American students are just as likely to take courses in science and math in high school, their standardised test scores continue to fall below those of White students. In addition, African-American and Hispanic students do not readily identify computer science as a field that they can successfully pursue. Due to a number of factors, including the negative perception of being difficult, lack of understanding about and preparation for computer science courses, and a lack of AfricanAmericans and Hispanics in computer science, many students feel this subject area is not one that includes them or their interests (Jackson, 2002) .
Furthermore, opportunities to learn in STEM for African-American students are shaped by the types of universities they attend. Research demonstrates that compared to their counterparts who attend predominantly White colleges and universities, AfricanAmerican students who attend HBCUs experience less social isolation, alienation, personal dissatisfaction, and overt racism (Perna et al., 2009 ) and that HBCUs seem to provide a social, cultural, and racial environment that is more supportive, caring, and nurturing for students and promotes academic achievement and success. This research supports findings that suggest that HBCUs are instrumental in fostering STEM success for African-American students while PWIs may struggle at times to provide culturally affirming opportunities to learn and major in STEM for African-American students (Perna et al., 2009) .
Academic preparation is a key factor when examining the persistence of African-American students in STEM. Researchers agree that the number of advanced science and math courses a student takes increases their likelihood of performing better on standardised tests (Hanson, 2008; Tyson et al., 2007; Perna et al., 2009 ). According to these authors, nonetheless, students from traditionally underprivileged circumstances are not as likely to have access to upper-level high school classes in the sciences and mathematics and/or qualified and experienced educators, which adversely influences their capability to begin and effectively complete STEM majors in higher education.
STEM achievement in pre-college experiences in STEM that students engage in within and outside of their classrooms. Russell and Atwater (2005) studied STEM achievement in pre-college experiences to understand as participation in STEM magnet programs, science fairs, co-curricular science organisations or programs, and rigorous experiences in math and science classrooms, all of which positively influence the STEM academic experiences of students in college. Lack of exposure to these experiences for students of colour leads to decreased retention. Recent scholarship describes the lack of opportunities to learn in STEM for African-American students as the lack of role models in STEM (NAS, 2011) . Studies show that increasing the number of role models and teachers who can serve as a support system to African Americans in STEM which produces higher grade point averages (GPAs), increases retention, and self-efficacy (Santos and Reigadas, 2002; NAS, 2011) . However, while all of these studies offer valuable insights into the underlying causes and possible explanations for the lack of minorities as computer science majors or in the IT field, few of these studies and programs specifically target African-American students, and most are broadly focused on science, math, engineering, and technology majors.
Significance
Even though a young student's interest in a computer science career may start before s/he enters a college or university, it's the postsecondary education that creates the career path and prepares the student for work in a CS occupation. However, at the college level, there are many CS students who would succeed in the field but who leave CS the first year of college. This issue is more evident among African-American students. Hence, it is important to analyse the reasons for the high attrition rates from CS undergraduate students.
To address the nation's needs, it is clear that the retention rates of underrepresented minorities in CS programs across the country must increase (NSF, 2005) . This requires placing emphasis on identifying factors that impact students' retention, particularly at HBCUs, where a large pool of the future CS workforce is matriculating.
A comprehensive understanding of CS student experiences will help determine how best to impact student retention in CS departments. Therefore, an understanding of why students stay can be useful in developing high impact initiatives.
This study seeks for answers to the call to increase retention of CS students attending HBCUs by adding to the research based on this topic. Although there is a welldocumented call for increasing the number of minorities, the fact that there is very little research on African American in computer science makes this study significant to the literature by addressing that research gap. This research may also provide new insights into recruitment strategies for educational initiatives.
Predictors of CS retention
Studies have found that roughly 40% of students planning CS majors end up switching to other subjects or fail to get any degrees. The majority of these students leave during the first two years. Dropout rates as high as 30 to 40% are rapidly becoming the norm for computer science programs (Clinging, 2006) . The author explains that this is influenced by a bias where low expectations foster diminished confidence and reduced success for minorities considering and/or attempting to study computing. Research has exposed a number of other factors that have been shown to be valid predictors of CS student retention including appropriate financial support, narrow perception of the field of computer science and available career paths, scarcity of role models/mentors, and early exposure to computing professions (Russell and Atwater, 2005) .
Agencies such as National Science Foundation (NSF) have served as a call to action to HBCUs to conduct research designed to address the lack of minorities in STEM. For instance, the NSF has outlined specific research on the social and psychological factors that contribute to individual choices to study a STEM discipline and research on practices in such areas as recruitment and retention.
While most formal STEM career preparation takes place in university and college settings, we also need to consider influences on students prior to their making the decision to pursue STEM-related education. The current study is an attempt to address the lack of minorities in CS by developing a strategic step to gain an understanding of student perceptions of the academic and social experience in the major to help us develop action plans for increased CS retention. In this study, we believe the right question to ask "Why do students select and stay in CS studies?" rather than "Why do they drop out?" Our hope is that the findings of this study can add to lessons from existing literature on issues of retention that for decades have limited the participation of underrepresented minorities in CS.
Sample and data collection
The survey was taken by 42 computer science African-American undergraduate students at two HBCUs, of whom 18 were female and 24 were male, as shown in Table 2 . The participants consisted of 16 sophomores, 13 juniors, and 13 seniors. Most undergraduate attrition from the computer science majors at HBCUs is in the first year of college. Therefore, participants consisted of only sophomores, juniors and seniors. This helped us understand the nature of upper-level students' experiences in the major, how the students' interpreted these experiences, and the impact they had on students' decision to remain in the major to shed some light on ways to retain freshmen students. The data for the current research were derived from survey responses. Online surveys were administered at the end of spring semester to CS students. The survey categories are shown in Table 3 . 
Quantitative results

Pre-college experience:
A survey was administered with questions that directly asked about students' GPA and SAT scores, as well as math, science and AP courses taken in high school. The average GPA in high school was 3.27. See Figure 1 for SAT math score. To determine participant's STEM preparedness, students were asked about the type of math and science courses they enrolled in high school. Accordingly, of the 42 students, 17 took Calculus I, 5 took Calculus II and 5 took AP Calculus. In terms of science courses, 35 took Biology, 36 took Chemistry, 20 took Physics, 4 took AP science courses, and 5 reported taking other science courses such as Earth Science and Zoology. None of the students reported enrolling in any STEM-related courses. When asked if they had exposure to CS knowledge before joining the field, 38% (16 out of 42) reported that they had never been exposed to CS and did not know much about the field, of which 63% were females (10 out of 16). When asked if they knew the difference between Computer science and computer engineering before they entered college, 55% reported that they did not know the difference, of which 57% were females and 43% were males.
An interesting gender-related difference was noted in our sample. Female students earned stronger high school GPAs and Math SATs than male participants.
The survey also included nine items to identify pre-college factors as barriers to students' success in college. Table 4 provides descriptive statistics for the individual survey items. Each of the individual items comes from participants' responses on a fourpoint scale. While most formal STEM career preparation takes place in university and college settings, we need to consider influences on students' prior experience before making the decision to pursue STEM-related education. As evident in Table 4 , participants have given a high rating for their ability to be successful in CS (mean = 3.29) and valuing math while in high school (mean = 3.95). By examining the data, it is interesting to find that those who have stayed in the program started out with very little STEM course offerings in high school (mean = 1.48) but interestingly perceiving themselves as able to succeed in STEM (mean = 3.29), valued math at early age (mean = 3.95) and had been somewhat influenced by family/teachers to pursue STEM (mean = 2.93).
Self-efficacy:
An interesting gender-related difference was noted in our sample as seen in Table 5 . Although female students earned stronger high school GPAs and Math SATs than male participants, they reported less confidence in the strength of their high school STEM preparation. In addition, there was a slight significant difference between male and female participants' (r = 0.321, p > 0.05) loss of confidence and the temptation to change their major when making a bad grade in a course, with female students reporting less confidence. Female participants reported higher expectations of themselves as compared to males on the survey item "I have high educational expectations of myself". Loss of confidence among female students, due to higher academic expectations or comparing to their excellent high school grades, could lead to attrition. 
Qualitative results
Awareness of student characteristics or feelings about the program as predictors of persistence is important but does not by itself address the efforts that universities and individual departments make to improve retention. There are a number of factors that influence retention at an institution/department above and beyond the student's personal characteristics. To learn about those factors, qualitative data was solicited during a focus group interview. The purpose of the interview was to gain some insight on the reasons students persist in the field. The participants attributed a sense of belonging to peer collaborations/motivations, faculty-student interaction, caring faculty, academic support such as tutoring, academic advising and mentoring, summer undergraduate research opportunities, and faculty encouragement and involvement. Participating students indicated that summer research experiences build students' interest in research and create a ''passion'' for staying the CS field. Few students also mentioned a sense of belonging and fitting into the program as important motivational factors to persist in the major. Several participants also emphasised on the fact that at HBCUs, African Americans have a sense of engagement, connection, and acceptance which they believed they could never have at a predominantly white university.
On the other hand, participants talked about one specific challenge that could impact retention naming students' financial difficulties. They also indicated that instructional practices and academic environments can have more impact on students' academic and career perceptions than their background characteristics. They also talked about peer effects outside of the department which could come from various levels of school such as dorm mates, Greek Houses, clubs, athletics, summer school, siblings and other relatives, and work. In some cases, as one student indicated, the effects could be positive or negative. They felt that classroom instruction could also impact students' interest or lack of interest to continue in the field. For example, clarity of faculty members' ''assignments and expectations'', the degree of help available outside of the classroom on assignments and valuing group work were mentioned several times during the interview as additional predictors of gaining confidence in the ability to become a computer scientist.
Discussion and conclusion
Our study clearly illustrates that in order to devise retention strategies, we must examine characteristics of students who persist in the CS field. For example, we explain how selfperception could have a relationship to retention of successful students, and loss of academic self-confidence among female students, due to higher academic expectations or comparing to their excellent high school grades, could lead to attrition. Financial constraints also play a role in attrition. Also faculty members' encouragement, peer encouragement, tutoring programs, internship and undergraduate research, quality of advising and the quantity and quality of faculty-student interaction could impact their decision on staying in the program. These findings demonstrate how important it is to understand the different effects that academic and non-academic factors have on college retention and performance.
Our findings have implications for designing effective retention programs which should focus on both academic and non-academic factors. Based on the qualitative feedback, we strongly believe that retention programs that focus primarily on helping students understand course content alone may only address immediate, rather than longer-term deficiencies. Students who master course content but fail to develop adequate academic self-confidence, academic goals, institutional commitment, and social support and involvement may still be at risk of dropping out.
We are not suggesting that universities should ignore the principal contribution that academic factors make toward improvements in college retention and performance. But we also believe that best practices for all students may not be serving all students. Many students of colour experience some disadvantages which require the universities to revisit educational retention models that also include non-academic factors for all students. Students do well academically but fail to develop adequate self-confidence and social support may still be at risk of dropping out. Recognition of factors that affect student retention in STEM and creating appropriate interventions will help campuses develop strong programs to help increase the participation of minority students in STEM.
